C ytomegalovirus (CMV) is a DNA virus in the family Herpesviridae. CMV transmission from person to person requires body fluid contact. CMV initially penetrates host epithelial cells and produces cell enlargement, thus the term "cytomegalovirus." After initial infection by the immune system suppresses the virus and CMV remains latent unless reactivated by impaired cell-mediated immunity (CMI). [1] [2] [3] There are many clinical manifestations of CMV infection that may be divided into acute primary infection and reactivation. Acute infection occurs in neonates via vertical transmission from the mother. In immunocompetent adults, acute infection is manifested by an infectious mononucleosis-like syndrome that is benign and self-limited. In immunocompro-mised hosts (ie, organ transplant recipients), patients with impaired CMI, and patients with human immunodeficiency virus (HIV), severe disease is often seen. 4, 5 Acute CMV or reactivation of latent infection can affect almost any organ. However, the most common manifestations are retinitis, pneumonia, encephalitis, hepatitis, and colitis. Severe infection is rare in immunocompetent hosts. [1] [2] [3] 6, 7 We present a case of severe CMV community-acquired pneumonia (CAP) in an immunocompetent host.
CASE REPORT
A 64-year-old man was admitted with shortness of breath. He had a 2-day history of a "flu-like illness" characterized by fever, myalgias, and progressive breathlessness. The patient had seen his primary physician, who prescribed oseltamivir and moxifloxacin, but the shortness of breath progressed and he went to the hospital for further evaluation and treatment. On admission, the patient's temperature was 103°F with a simultaneous pulse of 107 beats/min. He appeared to be in mild to moderate respiratory distress. He had a negative medical history, was a normal host, and had no risk factors for HIV. His physical examination results were unremarkable except for bilateral diffuse rales.
Admission laboratory tests revealed a white blood cell count of 35 K/mm 3 (polymorphonuclear neutrophils ϭ 83%, lymphocytes ϭ 14%, atypical lymphocytes ϭ 5%, and monocytes ϭ 3%), a platelet count of 581 K/mm 3 (n ϭ 160-392 K/mm 3 ), an erythrocyte sedimentation rate of 82 mm/h (n ϭ 1-20 mm/h), a C-reactive protein level of 11.3 mg/L (n ϭ Ͻ3 mg/L), a blood urea nitrogen level of 24 mg/dL (n ϭ 8-21 mg/dL), and a creatinine level of 0.9 mg/dL (n ϭ 0.6-1.2 mg/dL). Serum transaminases were mildly elevated: serum glutamate oxaloacetate transaminase ϭ 171 IU/L (n ϭ 13-39 IU/L), serum glutamate pyruvate transaminase ϭ 135 IU/L (n ϭ 4-36 IU/L), and alkaline phosphatase ϭ 181 IU/L (n ϭ 25-100 IU/L). Respiratory fluorescent antibody panel for influenza A and B virus, respiratory syncytial virus, adenovirus, parainfluenza virus, and metapneumovirus was negative. His initial chest x-ray showed bilateral interstitial markings that rapidly progressed over 24 hours (Figs 1 and 2). Diagnostic bronchoscopy was unrevealing, and bronchoalveolar lavage (BAL) was negative for Pneumocystis (carinii) jiroveci pneumonia. Bacterial and fungal cultures were negative. BAL cytology was negative for viral inclusions.
During the patient's hospitalization, he became progressively hypoxemic and required intubation and mechanical ventilation. His A-a gradient on room air was 194. Mycoplasma pneumoniae, C. pneumoniae, Herpes simplex virus (HSV) 1 and 2, and Q fever titers were negative. Legionella titers and urinary legionella antigen testing were also negative. Atypical lymphocytosis persisted and peaked at 13%. He slowly improved over 14 days, and antibiotics were discontinued after 20 days. His oxygen requirements gradually decreased, and he was eventually extubated.
Influenza A titers were 1:8 (n ϭ Ͻ1:8), and influenza B titers were 1:16 (n ϭ 1:8). Cold agglutinins were repeatedly negative. CMV polymerase chain reaction (PCR) was negative. His initial immunoglobulin IgM CMV titer was 1.87 (n Ͻ 1.1 ISR). Ten 
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Cunha et al days later, his IgM CMV titer was 2.4 (n Ͻ 1.1). His initial IgG CMV titer was 3.26 (n Ͻ 1.1), and 10 days later the IgG CMV titer was 4.28 ( n Ͻ 1.1), confirming the diagnosis of CMV pneumonia. The patient was eventually discharged and remains in good health after hospitalization.
DISCUSSION
CAP may be caused by a variety of typical and atypical bacterial pathogens, as well as some viruses. The severity of CAP depends on host factors (ie, cardiopulmonary function), immune system status (ie, splenic function), and, in some cases, the virulence of the pathogen. Patients with preexisting severe cardiac or pulmonary disease, if pneumonia develops, may present with severe CAP. Superimposed CAP stresses already compromised cardiopulmonary function and may manifest clinically as severe CAP. Even relatively avirulent pathogens (eg, M. pneumoniae, M. catarrhalis) may manifest as severe CAP in patients with impaired cardiopulmonary function. With CAP caused by encapsulated bacteria (eg, Streptococcus pneumoniae, Haemophilus influenzae), splenic function is the primary determinant of CAP severity. Any of the above factors alone or in combination in immunocompetent hosts may present clinically as severe CAP. Nonetheless, some pathogens are inherently highly virulent and often present as severe CAP. All other things being equal, CAP is likely to be severe in patients with Legionnaire's disease, influenza, systemic acute respiratory distress syndrome (SARS), hanta pulmonary virus syndrome (HPS), or adenovirus. [8] [9] [10] CMV pneumonia occurs almost exclusively in patients with impaired CMI/impaired T-lymphocyte function (eg, organ transplant recipients and those with HIV) or who are receiving immunomodulating/ immunosuppressive agents. [1] [2] [3] [4] [5] 8 CMV CAP results from the reactivation of a previous/latent dormant CMV infection. Although clinically similar, HSV-I pneumonia, an often overlooked but important cause of nosocomial pneumonia, does not present as CAP. 8, [11] [12] [13] [14] In the compromised host with impaired CMI, CMV CAP pneumonia presents early (Ͻ48 hours) with fever and profound/prolonged hypoxemia with minimal or no pulmonary infiltrates. Pulmonary infiltrates may appear later (Ͼ48 hours) with CMV CAP. Nonspecific laboratory abnormalities often associated with CMV CAP include leukopenia, relative lymphopenia, and thrombocytopenia. 8, 15, 16 Atypical lymphocytes may or may not be present in the peripheral smear. CMV infection regularly involves the liver, manifested in CMV CAP by mild elevations of serum transaminases. [1] [2] [3] In patients with HIV, CMV is an "innocent bystander" copathogen in approximately 75% of cases with Pneumocystis (carinii) jiroveci pneumonia (PCP). In patients with PCP, the underlying CMV does not need to be treated. In patients with HIV with PCP, in contrast, PCP resolves without specifically treating the CMV component. However, in organ transplant recipients, CMV CAP is treated with specific anti-CMV antiviral therapy. 8, 17 Because CMV CAP is rare in immunocompetent adults, the natural history of CMV CAP is not well understood.
CAP CMV is clinically indistinguishable from other viral pneumonias. As with CMV, other viral pneumonias may be accompanied by leukopenia, relative lymphopenia, or thrombocytopenia. Viral pneumonias typically present with minimal or few infiltrates on chest x-ray and are accompanied by severe hypoxemia with a high A-a gradient (ie, Ͼ35). 8, 18 The diagnosis of CMV CAP may be made serologically or pathologically. The serologic diagnosis of CMV depends on demonstrating an elevated CMV IgM titer. CMV PCR is often negative, but if positive it is also diagnostic. Pathologically, CMV inclusion bodies may be seen in transbronchial/open lung biopsy specimens pathognomonic for CMV, that is, cytoplasmic inclusions, cellular gigantism, and "kidney bean-shaped" intranuclear inclusions. BAL is usually negative and therefore unhelpful in diagnosing CMV CAP. In contrast, in HSV-1 nosocomial pneumonia, cytopathic examination of bronchial epithelial cells is diagnostic for HSV-1. Therefore, in the absence of viral inclusion bodies in transbronchial, percutaneous, or open lung biopsy specimens, the clinical diagnosis of CMV CAP is based on the clinical presentation of viral pneumonia plus increased IgM CMV titers or a positive CMV PCR. 3, 8, 19 In the case presented, an immunocompetent adult presented with severe CAP requiring intensive care and ventilatory support. [20] [21] [22] [23] [24] His hypoxemia was out of proportion to auscultation and chest x-ray findings. Minimal bilateral, symmetrical, interstitial chest x-ray infiltrates on the chest x-ray with an increased A-a gradient (Ͼ35) and minimal infiltrates suggested a process causing an oxygen diffusion defect (ie, viral pneumonia). 8, 22, 24 Because he was admitted during influenza season, the initial working diagnosis was viral influenza. However, rapid influenza testing and respiratory viral fluorescent antibody panel were negative for influenza and other respiratory viruses. Viral influenza and adenoviral titers were also negative. Because he was an immunocompetent host, CMV was not an initial diagnostic consideration. 5, 6 The possibility of CMV was later considered in view of some of his otherwise unexplained laboratory findings, for example, atypical lymphocytosis (5%-13%) and increased serum transaminases (serum glutamate oxaloacetate transaminase ϭ 103-331 IU/L, n ϭ 13-39 IU/L; serum glutamate oxaloacetate transaminase ϭ 164-441 IU/L, n ϭ 4-36 IU/L). Diagnostic bronchoscopy was performed, and cytology was negative for HSV-1 and CMV. Viral cultures of bronchial washings were negative for CMV. Because the diagnosis was confirmed after the patient's recovery, which was slow and prolonged, he was not treated for CMV CAP.
The clinical approach to a patient with severe CAP depends on the assessment of the cardiopulmonary and splenic function, distribution of the pulmonary infiltrates on chest x-ray or chest computed tomography scan, and degree of hypoxemia/ magnitude of the A-a gradient. 8, [22] [23] [24] Patients with severe CAP may be approached clinically as having either focal or nonfocal infiltrates. Those with focal chest x-ray infiltrates without a large A-a gradient (Ͻ35) have severe CAP usually as the result of impaired cardiopulmonary/ splenic function. The pathogens causing severe CAP with focal chest x-ray infiltrates without a large diffusion defect (ie, A-a gradient Ͻ 35) are the typical bacterial CAP pathogens: S. pneumoniae, H. influenzae, M. catarrhalis, M. pneumoniae, and C. pneumoniae. In contrast, in patients presenting with severe CAP with focal chest x-ray infiltrates and a large A-a gradient (Ͼ35), Legionnaire's disease or, less commonly, adenoviral CAP is the primary diagnostic consideration. If a patient presents with severe CAP and no or minimal infiltrates, when accompanied by a large A-a gradient (Ͼ35), then an interstitial infectious process should be considered. Interstitial pathogens causing pneumonia with an oxygen diffusion defect are respiratory viruses: influenza, respiratory syncytial virus, systemic acute respiratory distress syndrome and hanta pulmonary virus syndrome. 8 PCP is found virtually only in individuals with HIV and immunosuppressed patients (ie, transplants), steroids (Table I) . 8, 22 In an "apparently normal" host, the diagnosis of otherwise unexplained PCP should prompt HIV testing. 8 Influenza A is the prototypical cause of severe viral CAP. Patients with severe influenza A have a severe oxygen diffusion defect and die of profound hypoxemia without bacterial suprainfections. A minority of patients with influenza have superimposed S. aureus CAP. Influenza with superimposed bacterial pneumonia is easily recognized in patients because there are focal infiltrates on chest x-ray. Later in viral influenza (ie, Ͼ48 hours), there may be bilateral patchy chest x-ray infiltrates which are not nonsegmental or lobar infiltrates, and indicate a superimposed bacterial pneumonia. 8, 18 The clinical presentation of respiratory viral pathogens presenting as severe CAP is difficult to differentiate clinically. Many clinical and laboratory features overlap. Common differential diagnostic problems include differentiating viral influenza from adenoviral CAP. 8, 18, [22] [23] [24] Ordinarily, CMV CAP in immunocompetent hosts is not a diagnostic consideration. In the case presented, a viral influenza was suspected because the case occurred during the peak of the influenza season. Adenoviral CAP also occurs during the late winter and early spring months and was also a likely diagnostic possibility. Because the patient did not have leukopenia, relative lymphopenia, or thrombocytopenia, CMV was considered as a possible pathogen only after influenza and adenoviral CAP were ruled out. Although it is true that influenza and adenovirus pneumonia may be associated with mildly increased serum transaminases, tests for these pathogens were negative, prompting testing for an unusual diagnosis (ie, CMV). The patient's IgM CMV titer was highly elevated (5.65 ISR; n Ͻ 1.1 ISR), which confirmed the diagnosis in this case (Table II) . 8, 18 We believe the mildly elevated influenza B titers were the result of CMV cross-reactivity. 8, 25, 26 Severe CMV infections are rare in immunocompetent hosts. In the largest review published to date, 34 cases of CMV infection ranging from isolated encephalitis to disseminated disease with multiple organ involvement were described. 7 In this case series, CMV CAP was the sole manifestation of CMV infections in only 1 case (1/34). CMV CAP was Adenovirus CMV present in 9 of 34 cases. In 5 of 9 CMV CAP cases, lung infection was accompanied by hepatic involvement, an important clue to the diagnosis. The diagnosis of CMV infection was confirmed serologically in 23 of 34 patients. The single patient with isolated CMV CAP without liver involvement survived without anti-CMV therapy, as was the case in the patient presented. 7
CONCLUSIONS
In severe CAP with normal/near-normal chest x-rays and profound hypoxemia accompanied by leukopenia, relative lymphopenia, thrombocytopenia, or elevated serum transaminases, the primary diagnostic considerations should be viral influenza and adenovirus. The diagnosis of influenza should be doubted without leukopenia and relative lymphopenia, which are key features of influenza with both diagnostic and prognostic significance. The diagnosis of severe influenza or adenovirus CAP should be questioned in the absence of leukopenia with relative lymphopenia, and alternate diagnoses should be considered. However, if viral influenza and adenovirus are ruled out in patients with otherwise unexplained atypical lymphocytosis and increased serum transaminases, clinicians should consider the possibility of CMV in immunocompetent adults presenting with severe CAP.
